Safe-Side Requirements in Life Insurance: A Corporate Perspective by Olivieri, Annamaria & Pitacco, Ermanno
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
Journal of Actuarial Practice 1993-2006 Finance Department
2000
Safe-Side Requirements in Life Insurance: A
Corporate Perspective
Annamaria Olivieri
University of Parma, annamaria.olivieri@econ.univ.trieste.it
Ermanno Pitacco
University of Trieste, ermanno.pitacco@econ.univ.trieste.it
Follow this and additional works at: http://digitalcommons.unl.edu/joap
Part of the Accounting Commons, Business Administration, Management, and Operations
Commons, Corporate Finance Commons, Finance and Financial Management Commons, Insurance
Commons, and the Management Sciences and Quantitative Methods Commons
This Article is brought to you for free and open access by the Finance Department at DigitalCommons@University of Nebraska - Lincoln. It has been
accepted for inclusion in Journal of Actuarial Practice 1993-2006 by an authorized administrator of DigitalCommons@University of Nebraska -
Lincoln.
Olivieri, Annamaria and Pitacco, Ermanno, "Safe-Side Requirements in Life Insurance: A Corporate Perspective" (2000). Journal of
Actuarial Practice 1993-2006. 80.
http://digitalcommons.unl.edu/joap/80
Journal of Actuarial Practice Vol. 8, 2000 
Safe-Side Requirements in Life Insurance: A 
Corporate Perspective 
Annamaria Olivieri* and Ermanno Pitacco t 
Abstract* 
Safe-side requirements concern the assumptions used to calculate premi-
ums in relation to a set of more realistic assumptions. Roughly, safe-side re-
quirements express the capability of premiums to generate positive margins. 
In a strictly actuarial framework, safe-side requirements are given in terms of 
some notion of expected profit, calling for assumptions that let such profit be 
nonnegative. An expected profit of zero, however, is not a realistic aim for the 
insurer. 
We investigate the notion of conservative assumptions by adopting a un-
conventional approach. Our focus is the management of the financial re-
sources coming both from premiums and from shareholders' capital. This 
leads to a general structure that includes as particular cases the results ob-
tainable in a strictly actuarial environment. 
Key words and phrases: technical basis, expected profit, portfolio fund, share-
holders' capital, opportunity cost of capital, discounted cash flow 
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1 Introduction 
Though the concept of safe-side requirements has always been an 
integral part of actuarial science, it is only recently that it has become 
a core topic in Europe. This is especially true in Italy, as a consequence 
of the European Third Directive concerning life insurance regulation 
(Directive EEe, No. 96 of 1992).1 Because tariffs are no longer subject to 
approval, other tools must be used to monitor the stability of insurance 
companies. 
Expressions such as "prudent," "prudent valuation," and so on are 
Widely used in current legislation2 in order to define freedom in choos-
ing premium ratings. These terms are often used vaguely or dubiously. 
In this paper we have tried to outline a general structure that can 
help in understanding what a safe-side requirement is and to what it 
refers. We have adopted two approaches: (i) a purely actuarial ap-
proach, referring to some classical results of actuarial mathematics 
such as the notion of expected profit and the contribution formula of 
Homans (1863) (see also Haberman and Sibbett 1995, pages 287-297) as 
well as to some ideas developed in the framework of multistate models 
(see Hoem (1988) and Olivieri (1999»; and (ii) a corporate approach in-
troducing the notion of shareholders' capital, which is not usually con-
Sidered in traditional actuarial mathematics. The corporate approach 
has proved to be more general than the purely actuarial one. The results 
obtained in the actuarial framework are special cases of the corporate 
approach. These approaches lead to a unitary formal structure. 
Our basic set of assumptions are: 
(a) Only life insurance policies issued on a single life are considered. 
Policies involving more than one life or health insurance poliCies 
are disregarded; 
(b) As we are considering only net premiums, expenses and expense 
loadings are also disregarded; 
(c) Benefits and premiums are specified at policy issue and remain 
unchanged throughout the insured period (hence, financial ad-
justments of benefits and/or premiums are not permitted); 
1 Directive EEC, No. 96 of 1992 has been published on the Gazette Officielle des Com-
munautes Europeennes, loi n. 360 du 9/12/1992. 
2 The legislation is the Italian D.Lgs. 174/95 (published on the Gazzetta Ufficiale della 
Repubblica Italiana, n. 56,18/5/1995), which introduces European legislation in Italy. 
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(d) Premiums are assumed to be paid at the start of each year and 
death benefits are paid at the end of the year of death (thus we 
adopt a time-discrete approach); and 
(e) Though the underlying processes may vary, we consider expected 
values only (some remarks on the possibility of considering higher 
moments or, in general, probability distributions are made in Sec-
tion 6). 
The model is simple, but it makes the interpretation of the results eas-
ier. Moreover, comparisons with the traditional actuarial model are 
immediate. 
Section 2 introduces the notion of prudence; this notion is referred 
to as a "first order basis" in comparison to a given set of more realistic 
assumptions that are referred to as a "second order basis." A formal 
structure is introduced under which various safe-side requirements can 
be classified. In Section 3 various definitions of safe-side requirements 
are given in a strictly actuarial framework. Section 4 adopts a corpo-
rate approach; some comparisons between the two approaches are then 
made. Section 5 discusses some numerical examples. 
2 Technical Bases and Prudence 
2.1 Some Preliminary Aspects 
One of the objectives of actuarial valuations is to assess the ade-
quacy of premiums and to forecast future payments by the insurer and 
the insured. This objective requires the choice of a convenient set ofba-
sic assumptions on which to base the forecast. In life insurance, such 
basic assumptions include demographic assumptions (e.g., mortality, 
morbidity, and lapse rates) and financial assumptions (e.g., interest and 
inflation rates). Throughout this paper, the set of assumptions used to 
derive net premiums will be called the technical basis. 
When life insurance premiums are calculated according to the equiv-
alence principle,3 the expected profit for the insurer is zero if a realistic 
technical basis is used. Hence, it is necessary to: 
(i) Use a realistic technical basis and adopt premium principles other 
than the equivalence principle in order to include an explicit safety 
loading into premiums; or to 
3The equivalence principle states that the actuarial present value of premiums is 
equal to the actuarial present value of benefits. 
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(ii) Adopt the equivalence principle and use a conservative technical 
basis in order to include an implicit safety loading into premiums. 
In both cases, the safety loading leads to a positive expected profit. 
Among European life insurance companies, choice (ii) is commonly made. 
The first order technical basis (briefly TBl) is the set of conservative 
assumptions (Le., assumptions favorable to the insurer) used in choice 
(ii). This set is relatively easy to define. It includes the valuation rate of 
interest (usually constant) as well as a mortality table. 
The second order technical basis (briefly TB2) is the set of realistic 
assumptions. The concept of second order basis is more complex. TB2 
must give a realistic description of the scenario facing the insurance 
company and the insured person. Thus, it should include assumptions 
about policyholder behavior, investment performance, and company 
behavior and assumptions about macro- and micro-economic forces. 
It is likely that in the early days of actuarial practice the two concepts 
emerged simultaneously. Given the contractual relevance of TBl, TB2 
has usually been expressed as a simple shift of TBl. Hence, TBl and 
TB2 were usually assumed to have the same structure; for example, 
for insurance poliCies TBl includes a lower interest rate and higher 
mortality than that included in TB2, while for annuities TBl includes a 
lower interest rate and lower mortality than in TB2. 
In these days of easy access to high speed computers, it is important 
to adopt a more flexible structure for T B2. For example, the financial as-
sumption may include a (deterministic) term structure of interest rates 
or a convenient stochastic model; as to the demographical aspect, a pro-
jected table can represent the future trend of mortality. (A stochastic 
model can express the uncertainty of the projection.) 
For the sake of simplicity and for obtaining results that can be com-
pared to the traditional model, we will adopt a conventional structure 
for TB2. On the other hand, a deterministic term structure of interest 
rates as well as a (deterministic) projected mortality table would not 
add significance to the considerations discussed below. 
2.2 Formal Aspects 
As we have stated in Section 2.1, safe-side requirements will be re-
ferred to as TBl in relation to a given realistic basis TB2. We need 
a yardstick to assess whether TBl is on the safe side with respect to 
TB2. From a formal viewpoint, this yardstick is represented by a vector-
valued mapping of the two technical bases. Given the dynamic nature 
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of life insurance contracts and the length of these contracts, the vec-
tor could quantify safe-side requirements imposed on any single year. 
In other cases, the elements of the vector will represent the different 
components of the contract that can generate safety loadings and thus 
contribute to the expected profit. We will consider only deterministic 
mappings obtained as expected values of random variables. 
If r denotes the particular insurance policy, we will deal with func-
tions <I> that map (TBI, TB2, n to quantities (typically expected profits) 
that are used to assess prudence. These quantities are specified in the 
proposed safe-side requirements. In particular, r allows us to specify 
benefits and to determine premiums and reserves. If <I> is a vector-
valued function, its elements will be denoted by <PI, <P2, ... ,. 
As we have stated in Section 2.1, we adopt a constant rate of interest 
i and a given set of mortality rates qy, y = 0,1, ... for TBI and i* and q;, y = 0,1, ... for TB2. Thus we have 
TBI = (i,{qy}) 
TB2 = (i*, {q;}). 
As usual, we put py = 1 - qy and p; = 1 - q;. Traditional actuarial 
notation is used whenever possible. 
We will focus on insurance policies with the following characteris-
tics: 
• x is the issue age, and w is the limiting age of the mortality table; 
• Term n years, where n = 1,2, ... ,w - x; 
• The death benefit, paid at the end of the tth policy year of death, 
is Ct , where t = 1,2, ... ,n; 
• Sum S is paid in case of survival to age x + n (when n is finite); 
and 
• The premiums are paid at the start of each policy year (if the in-
sured is then alive). The premium paid at time k (Le., age x + k) 
is Pk, k = 0, 1, ... , n - 1. The cases with single premiums and pre-
miums payable for at most m years (with m ~ n) are included; 
annuities are also included, by letting Pk < ° (thus paid by the 
insurer). 
Such a. general insurance structure includes many practical poliCies 
such as term, whole life, endowment, pure endowment insurances, and 
immediate and deferred annuities. 
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We assume that premiums are calculated according to the equiva-
lence principle (obviously, with TBl). The net premium reserve at time 
t, Vt, is defined as 
n-t-l 
Vt = L Ct+h+l V h+l hPx+t qx+h+t + S v n- t n-tPx+t 
h=O 
n-t-l 
- L Pt+h v h hPx+t 
h=O 
(1) 
where v = 1/(1 + i). The boundary conditions are Vo = 0 and Vn = S 
(when n is finite). Vt satisfies the recurrence equation 
(Vt + Pd(1 + i) = (Ct+l - Vt+l) qx+t + Vt+l. (2) 
3 Safe-Side Requirements in an Actuarial Frame-
work 
3.1 Profits and Second Order Reserves 
From the recurrence equation (2), we get an expression for Ui+l' the 
annual profit at the end of the t + 1st policy year, which is obtained 
evaluating the assets and liabilities using the realistic basis TB2. We 
have 
Ui+l = (Vt + Pd(1 + i*) - (Ct+l - Vt+l) q~+t - Vt+l (3) 
from which we obtain the contribution formula of Homans (1863) 
Ui+l = (Vt + Pt+l) (i* - i) + (Ct+l - Vt+l) (qx+t - q~+t) (4) 
where the financial and demographic components of profits are: 
fui+l = (Vt + Pt+l) (i* - i) 
dui+l = (Ct+l - Vt+l) (qx+t - q~+t) 
Financial Component (5) 
Demographic Component. (6) 
The total future expected profit at time 0 is u * where 
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n-l 
u* = L uh+lhP~ (1 + i*)-(h+l). (7) 
h=O 
After substituting equation (3) into equation (7), and some algebraic 
manipulations, we obtain the following expression for total profit: 
n-l 
u* = L PhhP~ (1 + i*)-h 
h=O 
n-l 
- L Ch+l hP~ q~+h (1 + i*)-(h+l) - S nP~ (1 + i*)-n. 
h=O 
(8) 
As before, total profit can be split into the financial and demographic 
components: 
n-l 
fU* = L fUh+1 hP~ (1 + i*)-(h+l) 
h=O 
n-l 
(9) 
dU* = L dUh+l hP~ (1 + i*)-(h+l). (10) 
h=O 
More generally, we can define the expected future profit after time t, 
i.e., in the interval [t, n], as 
n-t-l 
u*(t,n)= L U;+h+lhP~+t(I+i*)-(h+l). 
h=O 
Specifically, U * = U * (0, n). Also this expected profit can be split into 
its financial and demographic components; moreover, a result similar 
to equation (8) holds for u* (t, n). 
Finally, we define vt as the second order reserve calculated using 
the realistic assumptions of TB2 
n-t-l 
vt = L Ct+h+l hP~+tq~+t+h (1 + i*)-(h+l) + S n-tP~+t (1 + i*)-(n-t) 
h=O 
n-t-l 
- L Pt+hhP~+t (1 + i*)-h. 
h=O 
(11) 
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3.2 Safe-Side Requirement (SSR) Definitions 
Let us now turn to various safe-side requirements, which are re-
ferred to as TBl in relation to TB2. We will then analyze the links 
between the various definitions; we will verify that some safe-side re-
quirements (SSR) imply others. 
Definition 1 (Naive SSR): 
We say that TBl is on the safe side (with respect to TB2) if and 
only if 
• 1. Benefits are payable in case of survival only, 
2. i:s; i*, and 
3. qx+h-l :s; q;+h-l for h = 1,2, ... , n; 
or 
• 1. Benefits are payable in case of death only, 
2. i:s; i*, and 
3. qx+h-l c q;+h-l for h = 1,2, ... , n. 
In this case prudence is directly measured on the single elements 
of the two technical bases. The corresponding mapping <P is a 
vector with n + 1 elements, given by 
4>h = qx+h-l - q;+h-l for h = 1,2, ... , n 
4>n+l = i* - i. 
The safe-side requirement can be easily stated in terms of the 
mapping <P. Such a definition can be applied only to a restricted 
number of cases; for example, it cannot be used for policies that 
contain both survival and death benefits. 
Definition 2 (Financial/Demographic Annual Profits SSR): 
Let us consider the mapping <P = [4>1,4>2, ... , 4>2n] where 
4>2t-l = Jui for t = 1,2, ... , n 
4>2t = dui for t = 1,2, ... , n. 
(12) 
(13) 
We say that TBl is on the safe side if and only if 4>h c 0 for 
h=I,2, ... ,2n. 
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In this case, as in the following ones, the measurement of pru-
dence relies on expected present values, which consist in equa-
tions (12) and (13) of the components of expected annual profit. 
From the definition of Jui and dui (see equations (5) and (6» 
conditions on the elements of TBI can be derived. The condi-
tion concerning the demographical assumption is based on the 
sum at risk (Ct + I - Vt + I); hence, it is more widely applicable than 
simply requiring that qx+h-l :::;; q~+h-l or qx+h-l ~ q~+h-l for 
h = 1,2, ... ,no 
Definition 3 (Annual Profits SSR): 
Let <I> = [CPI, CP2, ... , CPn], where 
CPt = ui, t = 1,2, ... ,n. 
We say that TBI is on the safe side if and only if CPt ~ 0 for t = 
1,2, ... ,n. 
Definition 4 (Total Profit SSR): 
Let 
<I>=u*. 
We say that TBI is on the safe side if and only if <I> ~ o. 
Definition 5 (Financial/Demographic Total Profit SSR): 
Let <I> = [cpI. CP2], where 
CPI = JU* 
CP2 = d U *. 
We say that TBI is on the safe side if and only if CPI ~ 0, CP2 ~ o. 
Definition 6 (Residual Profits SSR): 
Let <I> = [CPI, CP2, ... , CPn], where 
CPt=u*(t-l,n) t=I,2, ... ,n. 
We say that TBI is on the safe side if and only if CPt ~ 0 for t = 
1,2, ... ,n. 
Definition 7 (Reserves SSR): 
Let <I> = [cpI. CP2, ... , CPn] where 
CPt =Vt-I-Vt~l t = 1,2, ... ,n 
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We say that TBI is on the safe side if and only if CPt ~ 0 for t = 
1,2, ... ,n. 
This requirement means that in each year what is set aside to meet 
future net liabilities (Vt) must be at least equal to the realistic value 
of future net liabilities themselves (Vt). 
The quantity Vt-l - Vt~l is called the "Loewy increment." (See 
Hoem (1988) and Loewy (1917).) From equations (1) and (ll), after 
some manipulations we get 
Vt-l - Vt~l = u* (t, n) (14) 
which becomes, in particular, Vo - V6' = u * (0, n), i.e., 
Vo* = -u*. (15) 
Relations among the previous definitions can be easily found. Each 
definition involves a different degree of strictness. For example, a TBI 
which complies with Definition 2 also complies with Definition 3, the 
latter being less strict than the former. Let us adopt the following no-
tation: 
• (Di) denotes Definition i, e.g., (D3) refers to Definition 3; and 
• (Di) => (D j) means that a first order technical basis TBI that is on 
the safe side according to (Di) is also on the safe side according 
to (Dj). 
It can be easily verified that 
(Dl) => (D2) => (D3) => (D6) ¢=> (D7) => (D4) 
and 
(D2) => (D5) => (D4). 
Note that a severe requirement that involves a higher premium could 
produce high profits per policy. High premiums may reduce the de-
mand of the insurance policy, however, and profits for the entire port-
folio. 
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The discussion in this section allows to verify the link between the 
first two safe-side requirements common in actuarial practice (Le., (D 1) 
and (D2), which are severe) and the seventh safe-side requirement 
(Le., (D7), which has been recently proposed in actuarial literature, see 
Hoem (1988)). Moreover, the definitions above described give a gen-
eral picture that allows to understand the meaning of the expression 
"prudent actuarial valuation." 
Definitions (Dl) through (D7), as well as equations (14) and (15), 
show that the notion of prudence is linked to some notion of implied 
expected profit. Having used only expected values, it is impossible to 
consider explicitly measures of demographic or financial riskiness. As a 
result, the (positive) lower bound for profit can be chosen arbitrarily. It 
would be interesting, considering definition (D4), to require conditions 
such as <I> ;::.: u' where u' represents a minimum value for expected profit 
(or safety loading in terms of single premium) to be fixed in relation to 
the riskiness of the insurance contract. 
We will briefly comment on an expliCit consideration of risk in Sec-
tion 6. In Section 4 we will introduce a structure that, although based 
on expected values only, is more general than the one just described. 
This structure allows us to single out positive lower bounds for profit. 
4 Safe-Side Requirements and the Cost of Capital: 
Toward a Corporate Approach 
4.1 Portfolio Fund, Discounted Cash Flow (DCF) 
The safe-side requirements analyzed in Section 3 are minimal re-
quirements in a corporate perspective. It is not enough for the policy 
to generate profits, but such profits must be enough to pay some min-
imum return to the invested capital. Because shareholders' capital is 
allocated at a portfolio level, in this section we refer not to a policy only, 
but to a portfolio of life insurance. 
For SimpliCity, however, we consider a cohort of homogeneous poli-
cies, issued at the same time, identical in terms of insurance policy, age 
at entry, term, benefits, and premiums. Under such assumptions, Swill 
be the total amount paid in case of survival of all poliCies at maturity. 
The amount actually paid at time n is a random variable that depends 
on the random number of survivors. At time 0, its expected value is 
given by S x nPi (according to TB2); similarly, Vt x tPi represents the 
(expected) portfolio reserve at time t. Similar relations hold for the 
other quantities. 
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For the sake of brevity, we adopt the following notation 
~ * Vt = Vt x tPx 
Ut+l = Ut+l X tP~· 
For t = 0,1, ... , n, let Zt denote the expected portfolio fund accu-
mulated at time t (according to the information available at time 0) and 
let Kt (t = 0,1, ... ,n) be the shareholders' capital flow withdrawn from 
(Kt > 0) or paid to (Kt < 0) the portfolio fund. The sign of Kt is de-
termined from the point of view of shareholders. The behavior of the 
portfolio fund can then be described by 
Zt+l = Zt (1 + i*) + Pt (1 + i*) tP~ - Ct+l tp~q~+t - Kt+l (16) 
for t = 0,1, ... , n -1, where we assume Zo = -Ko with Ko :s: 0. As Kt is 
assumed to be deterministic, no mortality factor is needed. 
The analysis of cash flows is also considered in recent actuarial mod-
els, for example in profit testing techniques (see Goford (1985». In that 
framework, however, shareholders' flows are not included-the main 
aim is the assessment of technical profit. 
We will consider the sequence {Kt} as given flows. In concrete terms, 
flows depend both on corporate strategies and insurance regulation. In 
any case, we assume 
Kn = Zn-l (1 + i*) + Pn (1 + i*) nP~ - Cnn-lp~q~+n-l - S nP~ (17) 
so that Zn = 0. Moreover, we suppose that flows Kt are chosen so that 
Zt ;::: \It for t = 1,2, ... , n - 1. We define "free portfolio fund" as the 
(nonnegative) quantity Zt - \It, which consists of the financial resources 
in excess of the expected reserve. Zt - \It represents the shareholders' 
capital globally linked to the portfolio at time t. 
Let G (p) denote the discounted cash flow (DCF) at time ° for share-
holders, calculated with a rate p, Le., 
n 
G(p) = I K t (1 + p)-t. 
t=O 
(18) 
The rate p represents the yield required from shareholders on the cap-
ital invested in the portfolio (Le., the opportunity cost of capital). We 
Olivieri and Pitacco: Safe-Side Requirements 127 
assume that p ;::: i*. The DCF can be split into a sequence of periodic 
contributions. (This notion has been proposed, for a financial operation 
in general, by Peccati (1989).) 
Let Bt+l (p) be the contribution at time t + 1 to the DCF G(p), evalu-
ated at time 0. The splitting of DCF is based on the notion of outstand-
ing capital at each time t, Le., the capital invested at that time, which, 
as seen above, is given by the free portfolio fund Zt - Vt. The annual 
contribution to DCF can then be defined by amending the annual share-
holders' flow Kt+l with the variation in the free portfolio fund. Hence, 
for t = 0,1, ... , n - 1, we have 
( ) _ -(Zt - Vd + (Kt+l + Zt+l - Vt+d 
Bt+l p - (1 + p)t (1 + p)t+l (19) 
The structure of equation (19) is coherent with that of annual profit 
as defined in conventional life insurance mathematics. In the latter 
quantity, however, only debt capital (Le., the reserve) is taken into con-
sideration (see equation (3)). It can be easily verified that 
n-l 
G(p) = I Bt+dp). 
t=O 
(20) 
Subtracting equation (3) (previously multiplied by tPi) from (16) we 
obtain 
Zt+l - Vt+l = (Zt - Vd (1 + i*) - Kt+l + Ui+l' (21) 
Solving for Zt - Vt, with initial condition Zo -Vo = -Ko, we obtain 
t t 
Zt - Vt = - I Kh (1 + i*)t-h + I uh (1 + i*)t-h. (22) 
h=O h=l 
Substituting equation (21) into equation (19) we get 
Bt+l(P) = [Ui+l - (Zt - Vd (p - i*)] (1 + p)-Ct+l) (23) 
for t = 0,1, ... , n -1. Equation (23) shows that the periodical contribu-
tion to DCF is equal to the annual profit amended by the loss incurred 
by investing the free portfolio fund at rate i* instead of the required p. 
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From equation (18), noting that Kn is equal to the accumulated value 
of the insurance profit plus the accumulated value of shareholders' cap-
ital flows (as can be checked by substituting equation (22) into equation 
(17», we obtain the following expression for DCF: 
G(p) = (1 + p)-n [u' x (1 + i,)n 
+ f Kt x (1 + p)n-t - (1 + i*)n-t)] . 
t=O 
(24) 
Expression (24) can be easily interpreted in terms of the loss origi-
nating from the difference between p and i*. Obviously, equation (24) 
could be obtained also by discounting back to time 0 the annual losses 
(Le., by substituting (23) and (22) into (20». 
Equation (24) allows us to separate two components of DCF: 
• The technical component, 
(1 + p)-n x u* x (1 + i*)n, 
which stems from the technical management of the insurance 
portfolio, and 
• The capital component, 
n 
(1 + p)-n L Kt x ((1 + p)n-t - (1 + i*)n-t), 
t=O 
which stems from the management of shareholders' capital flows. 
4.2 More Safe-Side Requirements 
The notions of DCF, splitting the DCF into annual contributions 
and then splitting the annual contributions themselves, suggest other 
safe-side requirements. We will consider mappings of the form <I> = 
<I>(TBl, TB2,f,p). 
Definition 8 (DCF Annual Contributions SSR): 
Let <I> = [CPdp),CP2(P), ... ,CPn(P)] where 
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¢t(p) = Bt(P) t = 1,2, ... , n, 
P is the opportunity cost of capital, and B (p) is defined in equation 
(23). For a given p, we say that TBl is on the safe side if and only 
if ¢dp) ;::: 0 for t = 1,2, ... , n, i.e., if and only if 
itt ;::: (Zt-l - Vt-l) (p - i*) t = 1,2, ... , n. (25) 
Definition 8 (D8) leads to some interesting observations, especially 
when compared with (D3). Considering the nonnegativity of the free 
portfolio fund, the lower bound for itt depends on the difference be-
tween the rates p and i* (which can reasonably be assumed to be non-
negative). Note in particular that 
(i) If we require a yield of p on the free portfolio fund that is higher 
than i*, equation (25) expresses a more severe condition than 
(D3), as a positive lower bound for the expected annual profit is 
imposed (unless the free portfolio fund is equal to zero). In ad-
dition, the entity of the lower bound depends on the value of the 
free portfolio fund; hence, it depends on the strategy concerning 
the choice of {Kt }. (We will comment on some particular cases 
later.); 
(ii) If P = i*, we have (D3); 
(iii) The (overall) riskiness of the insurance business can be introduced 
into the safe-side requirement by properly choosing the rate p 
(p > i *), which may include a risk premium. 
Definition 9 (DCF SSR): 
Let <l> = G(p), where p is the opportunity cost of capital, and G(p) 
is defined in equation (18). For a given p, we say that TBl is on 
the safe side if and only if G(p) ;::: O. According to equation (24), 
G(p) ;::: 0 is achieved when 
n 
u* ;::: (1 + i*)-n L -Kt ((1 + p)n-t - (1 + i*)n-t). (26) 
t=O 
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For certain choices of the sequence {Kd, the capital component of 
DCF can be positive, in which case equation (26) gives a negative bound 
for total profit.4 Equation (26) must then be modified as follows 
u* ;::: max{o, (1 + i*)-n ± -Kt ((1 + p)n-t - (1 + i*)n-t)}. (27) 
t=o 
According to equation (27), we say that a TBI is on the safe side if and 
only if G(p) ;::: ° and u*;::: 0. 
Equation (27) can now be compared to (D4). The lower bound that 
is now required for total profit u * depends both on the spread p - i* 
as well as on the sequence of shareholders' capital flows {Kt}. If p = i * 
and/or the capital component of DCF is positive, we find u* ;::: 0, i.e., 
the requirement of (D4). 
It is interesting to examine some cases related to particular choices 
of {Kt}. 
(i) Consider an initial investment followed by one withdrawal only at 
maturity, i.e., Ko < 0, Kl = K2 = ... = Kn-l = 0. From equation 
(27) we find 
u* (1 + i*)n ;::: -Ko [(1 + p)n - (1 + i*)n]. (28) 
Equation (28) points out the need for the total profit to compen-
sate the shareholders for missed returns occurring when the ini-
tial investment of shareholders' equity incurrs a return of i* in-
stead of the required p. In terms of annual profits, equations (25) 
and (22) lead to 
t 
Ui+l ;::: [-Ko (1 + i*)t + 2: u~ (1 + i*)t-h] (p - i*), (29) 
h=l 
which shows that the expected annual profit must cover the missed 
yield, equal to p - i*, obtained on shareholders' equity accumu-
lated at the beginning of the year. As shown in equation (29), 
4This is unacceptable from the point of view of looking for premiums to meet the 
benefits. Selling some insurance policies at a loss, however, might be profitable for 
an entire portfolio in the long run if other policies generate cash flows that can be 
invested profitably elsewhere. Throughout the rest of this paper we will disregard this 
opportunity, as it is not allowed by insurance regulations in many countries. 
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shareholders' capital (which is equal to the free portfolio fund) at 
time t comes from the accumulated value of the initial investment 
and previous (undistributed) annual profits. 
(ii) Considerthe case where Ko < 0 and Kh = uh for h = 1,2, ... , n-l. 
In general terms, equations (25) and (22) lead to 
t 
ui+l ;::: [-Ko (1 + i*)t - L Kh (1 + i*)t-h 
h=l 
t 
+ L uh (1 + i*)t-h] (p - i*). 
h=l 
(30) 
When Kh > 0 for h = 1,2, ... , t, equation (30) shows the decrease 
in the lower bound due to shareholders' capital withdrawals. When 
Kh = uh' h = 1,2, ... , t, equation (30) becomes 
(31) 
The loss is incurred only on the accumulated value of the initial in-
vestment. Multiplying both sides of equation (31) by (1 + i* )-(t+l) 
and summing with respect to t, we obtain 
u* ;::: -nKo (p - i*) (1 + i*)-l. (32) 
The lower bound for total profit provided by equation (32) is more 
severe than that coming from equation (27), as equation (32) is 
obtained discounting the annual lower bounds with a higher fac-
tor. It can be easily verified that the lower bound implied by 
equation (28) is greater than that implied by equation (32) (and, 
therefore, than that implied by equation (27». When Kh = uh' 
h = 1,2, ... , n - 1, it is possible to reinvest annual profits at the 
rate p, hence weakening the bound on total profit. 
(iii) As shown by the above mentioned examples, the notion of pru-
dence depends on the strategy of shareholders' equity (as well as 
on the yield p). It is interesting to consider an objective strategy. 
To this aim, let us define the sequence {Md, t = 0,1, ... , n - 1, 
where Mt is the minimum solvency margin that must be assigned 
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(according to insurance regulation) to the insurance portfolio at 
time t. Suppose the shareholders set their capital flows such that 
Zt - Vt = Mt for t = 0,1, ... , n - 1. 
The consequent bounds on profit can be interpreted on one hand 
as those implied by the opinion on the riskiness of the insurance 
business expressed by current legislation (through {Mt }), and on 
the other hand by shareholders (through p). 
5 Numerical Examples 
We consider two types of policies: (i) a IS-year endowment insur-
ance with face value of 1,000 monetary units that is issued to an Italian 
male age 50; and (ii) a IS-year deferred whole life annuity with annual 
benefits of 100 monetary units that is issued to an Italian male age 50. 
In both poliCies premiums are level and paid for 15 years, the second 
order rate of interest is i* = 0.06, and the opportunity cost of capital 
is p = O.OS. 
5.1 Endowment Insurance 
For the endowment insurance, the second order level of mortal-
ity is derived from the Italian Table SIM1992 (which is referred to the 
Italian male population, observed in 1992). Denoting by q~IMl992 the 
rate of mortality calculated according to Table SIM1992, we assume q; = 0.7oqfMl992. 
In Table 1 the traditional approach is adopted; thus prudence is 
analyzed only according to profits. Three different technical bases are 
used as examples . 
• In the first example (Columns (2) to (4) in Table 1), the TEl (i = 
0.03, q = 1.2 q*) complies with all safe-side requirements . 
• In the second example (Columns (5) to (7) in Table 1), the TEl 
(i = 0.03, q = O.Sq*) is used. This example does not satisfy 
(D2). The financial profit in each year, however, is enough to allow 
positive annual profits. Thus, (D3) and (D4) as well as (D6) and 
(D7), are satisfied. 
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• In the third example (Columns (8) to (10) in Table 1), a higher tech-
nical rate of interest has been chosen. Total profit is dramatically 
reduced as compared to the first example. 
In Tables 2 to 4 the corporate approach is implemented. In each ta-
ble, a different strategy of shareholders' capital flows has been adopted. 
In Table 2, we have an initial investment (Ko < 0) and a final withdrawal 
(Kl = K2 = ... = Kn-l = 0, Kn > 0). The amount of the initial invest-
ment has been chosen according to a reasonable solvency fund to be 
assigned to the portfolio. Both of the technical bases, (i = 0.03, q = 
1.2 q*) and (i = 0.03, q = 0.8 q*), satisfy (D8) and (D9) of prudence. 
In Tables 3 and 4 withdrawals of shareholders' capital are permitted 
also at times t = 1,2, ... , n - 1. The requirements on armual and total 
profits are relaxed; note, however, that in Table 4 the TEl (i = 0.03, q = 
0.8 q*) cannot be adopted as the free portfolio fund becomes negative. 
5.2 Deferred Annuity 
For the deferred armuity, mortality rates are taken from a projected 
table, which is obtained from Table SIM1992 using an exponential pro-
jection model; it reflects the future expected (decreaSing) trend of mor-
tality. We point out that the limiting age of the mortality table is w = 
109. 
In Table 5 the traditional approach is adopted. It is difficult to cover 
financial losses with mortality profits (and mortality losses with finan-
cial profits) throughout the whole insurance period. In Table 6 the strat-
egy Ko < 0, Kl = K2 = ... = Kn-l = 0 is examined (also in this case, 
Ko has been chosen according to a reasonable solvency fund to be as-
signed to the portfolio). Because of the length of the insurance contract, 
such strategy is unsatisfactory when (D8) is assumed. In Table 7 with-
drawals of shareholders' capital at time t = 1,2,... are considered. 
(Their amount has been chosen according to the behavior of annual 
profits and to the interests required on the initial investment.) Because 
of the length of the contract, when a sequence {Kt} is given, there is 
not much freedom in the choice of TEl. 
Similar results can be obtained when expenses and other loadings 
are considered. 
..... 
w 
,j::,. 
Table 1 
Endowment Insurance: Traditional Approach 
i = 3%, qx = 1.2q~, i = 3%, qx = 0.8q~, i = 4%, qx = 1. 2 q~, 
and P = 55.572 and P = 54.441 and P = 51.479 
t ~* u t 
~* JUt 
~* dUt ~* u t jUi dui ~* u t ~* JUt ~* dUt 
1 2.274 1.667 0.607 1.026 1.633 -0.607 1.639 1.030 0.609 
2 3.883 3.265 0.618 2.614 3.232 -0.618 2.644 2.021 0.623 
3 5.532 4.896 0.636 4.230 4.866 -0.636 3.686 3.042 0.644 
4 7.224 6.559 0.664 5.869 6.533 -0.664 4.769 4.094 0.675 ..... 0 
5 8.932 8.250 0.682 7.549 8.230 -0.681 5.868 5.173 0.696 s:: "'; 
:::s 
6 10.668 9.969 0.699 9.258 9.956 -0.698 6.997 6.280 0.716 ~ 
7 12.415 11.713 0.702 11.008 11.708 -0.700 8.136 7.414 0.722 0 -... 
8 14.173 13.481 0.692 12.796 13.485 -0.690 9.291 8.576 0.715 ):. «"'I 
.... 
9 15.942 15.273 0.669 14.619 15.286 -0.667 10.459 9.764 0.695 s:: ~ 
10 17.714 17.085 0.629 16.480 17.106 -0.626 11.635 10.979 0.656 
"'; 
~ 
11 19.482 18.916 0.565 18.382 18.943 -0.561 12.811 12.219 0.592 ~ 
12 21.240 20.765 0.475 20.324 20.794 -0.471 13.984 13.484 0.500 ~ «"'I 
.... 
13 22.982 22.629 0.354 22.306 22.656 -0.350 15.149 14.775 0.374 n· ~~ 
14 24.704 24.507 0.197 24.331 24.526 -0.195 16.299 16.090 0.209 ~ 15 26.398 26.398 0.000 26.398 26.398 0.000 17.430 17.430 0.000 
u* 120.174 u* 108.885 u* 79.299 ~Oo 
I\J 
0 
0 
0 
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Table 2 
Endowment Insurance: Corporate Approach 
i = 3% and q = 1.2 q* i=3%andq=0.8q* 
t K t Zt Zt - Vt L(un Zt Zt - Vt L(un 
0 -20.000 20.000 20.000 20.000 20.000 
1 0.000 76.900 23.474 0.400 75.702 22.226 0.400 
2 0.000 136.765 28.765 0.469 134.301 26.174 0.445 
3 0.000 199.673 36.023 0.575 195.870 31.975 0.523 
4 0.000 265.663 45.408 0.720 260.446 39.762 0.640 
5 0.000 334.883 57.065 0.908 328.173 49.697 0.795 
6 0.000 407.397 71.157 1.141 399.109 61.936 0.994 
7 0.000 483.357 87.841 1.423 473.403 76.660 1.239 
8 0.000 562.884 107.284 1.757 551.172 94.055 1.533 
9 0.000 646.081 129.663 2.146 632.512 114.318 1.881 
10 0.000 733.057 155.158 2.593 717.529 137.657 2.286 
11 0.000 823.953 183.949 3.103 806.359 164.299 2.753 
12 0.000 918.908 216.225 3.679 899.133 194.480 3.286 
13 0.000 1018.070 252.181 4.325 995.997 228.455 3.890 
14 0.000 1121.587 292.016 5.044 1097.089 266.494 4.569 
15 0.000 0.000 5.840 0.000 0.000 5.330 
Kn 335.935 Kn 308.881 
G(p) 85.901 G(p) 77.372 
GT(p) 90.791 GT(p) 82.262 
GC(p) -4.890 GC(p) -4.890 
L(u*) 6.473 L(u*) 6.473 
Notes: L(Un denotes the lower bound for -ai; L(u*) denotes the lower bound 
for u *; CT (p) denotes the technical component of DCF; and CC (p) denotes the 
capital component of DCF. 
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Table 3 
Endowment Insurance: Corporate Approach 
i = 3% and q = 1.2 q* i = 3% and q = 0.8 q* 
t Kt Zt Zt - Vt L(un Zt Zt - Vt L(un 
0 -20.000 20.000 20.000 20.000 20.000 
1 1.333 75.567 22.141 0.400 74.369 20.893 0.400 
2 1.333 134.019 26.018 0.443 131.554 23.428 0.418 
3 1.333 195.428 31.778 0.520 191.625 27.730 0.469 
4 1.333 259.830 39.575 0.636 254.614 33.930 0.555 
5 1.333 327.367 49.548 0.792 320.657 42.181 0.679 
6 1.333 398.097 61.856 0.991 389.809 52.636 0.844 
7 1.333 472.165 76.649 1.237 462.211 65.468 1.053 
8 1.333 549.688 94.088 1.533 537.975 80.859 1.309 
9 1.333 630.759 114.342 1.882 617.191 98.996 1.617 
10 1.333 715.482 137.583 2.287 699.955 120.083 1.980 
11 1.333 803.991 163.986 2.752 786.396 144.336 2.402 
12 1.333 896.414 193.732 3.280 876.640 171.987 2.887 
13 1.333 992.894 227.005 3.875 970.820 203.279 3.440 
14 1.333 1093.567 263.996 4.540 1069.069 238.473 4.066 
15 0.000 0.000 5.280 0.000 0.000 4.769 
Kn 306.234 Kn 279.180 
G(p) 87.530 G(p) 79.001 
GT(p) 90.791 GT(p) 82.262 
GC(p) 
-3.261 GC(p) -3.261 
L(u*) 4.316 L(u*) 4.316 
Notes: L(un denotes the lower bound for ut; L(u*) denotes the lower bound 
for u *; CT (p) denotes the technical component of DCF; and CC (p) denotes the 
capital component of DCF. 
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Table 4 
Endowment Insurance: Corporate Approach 
i = 3% and q = 1.2 q* i = 3% and q = 0.8 q* 
t Kt 2t 2t - Vt L(Un 2t 2t - Vt L('un 
0 -20.000 20.000 20.000 20.000 20.000 
1 2.000 74.900 21.474 0.400 73.702 20.226 0.400 
2 4.000 130.645 22.645 0.429 128.181 20.054 0.405 
3 6.000 187.186 23.536 0.453 183.383 19.488 0.401 
4 8.000 244.427 24.172 0.471 239.210 18.526 0.390 
5 10.000 302.373 24.554 0.483 295.662 17.186 0.371 
6 12.000 360.936 24.695 0.491 352.648 15.475 0.344 
7 14.000 420.108 24.592 0.494 410.154 13.411 0.309 
8 16.000 479.840 24.240 0.492 468.128 11.011 0.268 
9 18.000 540.054 23.637 0.485 526.486 8.291 0.220 
10 20.000 600.669 22.769 0.473 585.141 5.269 0.166 
11 22.000 661.621 21.617 0.455 644.027 1.967 0.105 
12 24.000 722.836 20.154 0.432 703.062 -1.591 0.039 
13 26.000 784.235 18.346 0.403 762.161 -5.380 -0.032 
14 28.000 845.721 16.151 0.367 821.223 -9.372 -0.108 
15 0.000 0.000 0.323 0.000 0.000 -0.187 
Kn 43.518 Kn 16.464 
C(p) 97.152 C(p) 88.623 
CT(p) 90.791 CT(p) 82.262 
CC(p) 6.361 CC(p) 6.361 
L(u*) 0.000 L(u*) 0.000 
Notes: L(-ail denotes the lower bound for -at; L(u*) denotes the lower bound 
for u *; CT (p) denotes the technical component of DCF; and CC (p) denotes the 
capital component of DCF. 
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w 
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Table 5 
Deferred Annuity: Traditional Approach 
i = 3%, q = 0.8q*, i = 3%, q = q = 1.1 q* i = 4%, q = 0.8 q* 
and P = 73.689 and P = 64.979 and P = 64.979 
t ~* u t 
~* 
JUt ~* dUt ~* u t 
~* 
JUt ~* dUt ~* u t 
~* JUt ~* dUt 
1 2.275 2.211 0.064 1.921 1.949 -0.028 1.286 1.232 0.054 
2 4.614 4.476 0.138 3.889 3.950 -0.061 2.625 2.508 0.117 
3 7.025 6.798 0.226 5.903 6.003 -0.100 4.021 3.828 0.193 
4 9.515 9.176 0.338 7.959 8.109 -0.150 5.483 5.193 0.290 '-0 
5 12.080 11.611 0.469 10.062 10.270 -0.208 7.008 6.604 0.404 t:: 
""; 
6 14.732 14.102 0.630 12.206 12.486 -0.280 8.608 8.062 0.546 ::s ~ 
7 17.464 16.649 0.816 14.396 14.758 -0.362 10.278 9.568 0.710 0 
-... 
8 20.284 19.251 1.033 16.628 17.088 -0.459 12.026 11.123 0.904 ~ r, 
13.860 
..... 
9 23.197 21.909 1.288 18.901 19.476 -0.574 12.727 1.133 t:: !::l 
10 26.207 24.620 1.587 21.214 21.923 -0.709 15.784 14.380 1.404 ""; ~ 
11 29.312 27.385 1.928 23.567 24.430 -0.862 17.797 16.083 1.715 "i::I 
12 32.517 30.201 2.316 25.960 26.999 -1.039 19.908 17.836 2.072 i.1 r, 
13 35.823 33.067 2.756 28.390 29.629 -1.239 22.118 19.639 2.479 
..... 
ri' 
14 39.236 35.982 3.255 30.856 32.324 -1.468 24.438 21.493 2.945 
,(\) 
15 42.768 38.943 3.825 33.352 35.083 -1.731 26.879 23.397 3.481 ~ 
,00 
I\J 
0 
0 
0 
Q 
~. 
Table 5 (continued) ~. 
:::!. 
Deferred Annuity: Traditional Approach ~ 
::; 
i = 3%, q = 0.8q*, i = 3%, q = q = 1.1 q* i = 4%, q = 0.8q* t:l.. 
and P = 73.689 and P = 64.979 and P = 64.979 ~ .... ~ 
t A* Jut A* A* A* A* A* Jut A* C'"\ u t dUt u t JUt dUt u t dUt C'"\ 
45 2.946 1.099 1.847 0.076 0.811 -0.735 2.513 0.709 1.804 ~ V) 
46 2.317 0.807 1.510 -0.011 0.588 -0.599 1.999 0.521 1.478 ~ ~ 
47 1.777 0.577 1.201 -0.060 0.414 -0.474 1.550 0.373 1.177 ~ 
48 1.332 0.400 0.932 -0.084 0.283 -0.367 1.174 0.259 0.915 is: (\) 
49 0.967 0.268 0.699 -0.088 0.186 -0.274 0.861 0.174 0.688 ;.;:, (\) 
~ 
50 0.680 0.173 0.508 -0.081 0.118 -0.199 0.612 0.112 0.500 ~ 
51 0.458 0.107 0.352 -0.066 0.071 -0.137 0.416 0.069 0.347 
~. 
~ 
52 0.296 0.063 0.233 -0.050 0.041 -0.091 0.271 0.041 0.230 (\) ::; 
53 0.184 0.035 0.149 -0.036 0.022 -0.058 0.170 0.023 0.147 .... 
'" 
54 0.104 0.018 0.085 -0.022 0.011 -0.033 0.097 0.012 0.085 
55 0.059 0.009 0.050 -0.015 0.005 -0.020 0.056 0.006 0.050 
56 0.027 0.004 0.023 -0.007 0.002 -0.010 0.026 0.002 0.023 
57 0.012 0.001 0.011 -0.004 0.001 -0.005 0.012 0.001 0.011 
58 0.003 0.001 0.002 -0.001 0.000 -0.001 0.003 0.000 0.002 
59 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
u* 326.378 u* 239.886 u* 206.533 
...... 
w 
co 
I-' 
0+>. 
0 
Table 6 
Deferred Annuity: Corporate Approach 
i = 3% and q = 1.2 q* i = 3% and q = q = 0.8 q* 
t Kt Zt Zt - Vt L(Un Zt Zt - Vt L(un 
0 -60.000 60.000 60.000 60.000 60.000 
1 0.000 141.711 65.875 1.200 128.917 64.886 1.200 
2 0.000 227.997 74.441 1.317 201.695 71.404 1.298 
3 0.000 319.112 85.932 1.489 278.550 79.709 1.428 
4 0.000 415.321 100.603 1.719 359.703 89.974 1.594 '-c 
5 0.000 516.890 118.719 2.012 445.380 102.381 1.799 s:: 
.... 
6 0.000 624.105 140.574 2.374 535.823 117.131 2.048 ~ ~ 
7 0.000 737.259 166.473 2.811 631.280 134.438 2.343 c 
-.., 
8 0.000 856.665 196.745 3.329 732.015 154.530 2.689 )::. (") 
.... 
231.747 3.935 838.307 177.662 3.091 9 0.000 982.652 s:: So:l 
10 0.000 1115.564 271.859 4.635 950.445 204.106 3.553 .... ~ 
11 0.000 1255.761 317.482 5.437 1068.736 234.149 4.082 ~ 
12 0.000 1403.626 369.048 6.350 1193.501 268.106 4.683 ~ (") 
13 0.000 1559.559 427.014 7.381 1325.080 306.310 5.362 
.... ;:; . 
14 0.000 1723.986 491.871 8.540 1463.834 349.127 6.126 
• (1:) 
15 0.000 1897.356 564.151 9.837 1610.140 396.953 6.983 ~ 
.00 
I'v 
<:::> 
<:::> 
<:::> 
Table 6 (continued) Q 
Deferred Annuity: Corporate Approach ~. iii· 
i = 3% and q = 1.2 q* i = 3% and q = q = 0.8 q* :::!. ~ 
t Kt Zt Zt - Vt L(Un Zt Zt - Vt L(un ~ s::t. 
45 0.000 5347.312 5311.426 100.160 3697.691 3662.637 69.059 ~ 
.... 
46 0.000 5658.625 5632.428 106.229 3910.027 3884.394 73.253 ~ t"\ 
47 0.000 5990.748 5972.151 112.649 4137.235 4119.008 77.688 t"\ ~ 
48 0.000 6344.604 6331.812 119.443 4379.880 4367.322 82.380 V) ~ 
49 0.000 6721.183 6712.688 126.636 4638.575 4630.223 87.346 Cti' ~ 50 0.000 7121.551 7116.129 134.254 4913.987 4908.648 92.604 ~ (\) 
51 0.000 7546.867 7543.556 142.323 5206.849 5203.584 98.173 :::tI (\) 
52 0.000 7998.388 7996.465 150.871 5517.969 5516.070 104.072 oS:) s:: 
53 0.000 8477.487 8476.437 159.929 5848.243 5847.204 110.321 ~. 
54 0.000 8985.666 8985.126 169.529 6198.667 6198.133 116.944 ~ (\) 
55 0.000 9524.543 9524.293 179.703 6570.324 6570.076 123.963 ~ .... 
...., 
56 0.000 10095.543 10095.778 190.486 6964.413 6964.307 131.402 
57 0.000 10701.576 10701.537 201.916 7382.215 7382.177 139.286 
58 0.000 11343.644 11343.632 214.031 7825.123 7825.110 147.644 
59 0.000 0.000 226.873 0.000 0.000 156.502 
Kn 12024.263 Kn 8294.630 
G(p) 68.250 G(p) 28.470 
GT(p) 108.334 GT(p) 68.554 
GC(p) 
-40.084 GC(p) -40.084 
...... 
L(u*) 120.762 L(u*) 120.762 ~ 
...... 
"'""' ~
N 
Table 7 
Deferred Annuity: Corporate Approach 
i = 3% and q = 1.2 q* i = 3% and q = q = 0.8 q* 
t Kt Zt Zt - Vt L(ui) Zt Zt - Vt L(ui) 
0 -60.000 60.000 60.000 60.000 60.000 
1 6.000 135.711 59.875 1.200 122.917 58.886 1.200 
2 8.000 213.637 60.081 1.197 187.335 57.044 1.178 
3 11.000 292.891 59.711 1.202 252.328 53.488 1.141 
4 13.000 374.526 59.808 1.194 318.908 49.179 1.070 '-
<:) 
5 16.000 457.648 59.476 1.196 386.138 43.138 0.984 s:: 
"': 
6 18.000 543.308 59.777 1.190 455.026 36.334 0.863 ::; ~ 
7 21.000 630.614 59.828 1.196 524.635 27.793 0.727 <:) 
...... 
8 24.000 719.621 59.701 1.197 594.972 17.487 0.556 )::. r, 
9 27.000 59.480 666.040 
.... 
810.386 1.194 5.396 0.350 s:: !i::l 
10 30.000 902.961 59.256 1.190 737.843 -8.497 0.108 "': ~ 
11 33.000 997.403 59.124 1.185 810.377 -24.209 -0.170 ""\:J 
12 36.000 1093.766 59.188 1.182 883.641 -41.754 -0.484 ~ r, 
13 39.000 1192.108 59.562 1.184 957.629 -61.141 -0.835 .... ;:::;. 
14 43.000 1291.488 59.373 1.191 1031.335 -83.372 -1.223 ~ 
15 46.000 1392.907 59.703 1.187 1105.692 -107.495 -1.667 ~ 
,90 
I\J 
0 
0 
0 
Table 7 (Continued) Q 
Deferred Annuity: Corporate Approach ;;;. (i;' 
i = 3% and q = 1.2 q* i = 3% and q = q = 0.8 q* ::!. ~ 
t Kt Zt Zt - Vt L(ui) Zt Zt - Vt L(un ~ ~ 
45 6.000 94.002 58.116 1.154 -1555.619 -1590.673 -29.947 ~ ;::;: 
46 6.000 84.116 57.920 1.162 -1664.481 -1690.115 -31.813 ~ (") 
47 5.000 76.769 58.172 1.158 -1776.744 -1794.971 -33.802 
(") 
~ 
48 5.000 70.786 57.994 1.163 -1893.938 -1906.496 -35.899 ~ ~ 
49 4.000 66.936 58.441 1.160 -2015.672 -2024.024 -38.130 Cti' ~ 
50 4.000 64.049 58.628 1.169 -2143.515 -2148.854 -40.480 ~ 
51 4.000 61.915 58.604 1.173 -2278.103 -2281.368 -42.977 ;:.;, 
~ 
52 4.000 60.339 58.416 1.172 -2420.080 -2421.979 -45.627 -S:l s:: 
53 4.000 59.155 58.105 1.168 -2570.089 -2571.128 -48.440 ~. 
54 4.000 58.234 57.695 1.162 -2728.765 -2729.299 -51.423 ~ ~ 
55 4.000 57.465 57.215 1.154 -2896.753 -2897.001 -54.586 ~ ..... 
...., 
56 4.000 56.783 56.675 1.144 -3074.689 -3074.796 -57.940 
57 4.000 56.127 56.088 1.134 -3263.233 -3263.272 -61.496 
58 4.000 55.469 55.457 1.122 -3463.053 -3463.065 -65.265 
59 0.000 0.000 1.109 0.000 0.000 -69.261 
Kn 58.797 Kn -3670.836 
G(p) 230.785 G(p) 191.005 
GT(p) 108.334 GT(p) 68.554 
GC(p) 122.451 GC(p) 122.451 
.... 
L(u*) 0.000 L(u*) 0.000 
*"" w 
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6 Some Final Remarks 
This paper first considers a purely actuarial approach to prudence 
and then shows how it is possible to introduce risk measures in a struc-
ture based on expected values only. Risk is introduced through the cost 
of capital and the amount of shareholders' capital (Le., the free portfolio 
fund) linked to the insurance portfolio. 
Safe-side requirements can also be formulated in a stochastic frame-
work by considering the distribution of the random profits. Below is a 
possible definition: 
Definition 10 (A Possible Stochastic Safe-Side Requirement): 
Let R denote the present value at time 0 of the future random 
profits, and let 
We can say that a TBI is on the safe side if and only if 
where p is a given bound. 
Sirttilar (and more strict) definitions can be given considering annual 
random profits or their components. Several analytical results can be 
used in this approach; among the more recent contributions, we men-
tion Hesselager and Norberg (1996), which deals with multistate mod-
els. 
An individual approach (Le., based on a single contract) has the dis-
advantage that in order to limit the safety loading, low levels of p must 
be chosen. A collective approach based on the entire portfolio may help 
in quoting competitive premiums; however, forecasts on the future size 
and composition of the portfolio are required, thus leading to a further 
element of uncertainty in the choice of the first order basis. 
Finally, we must emphasize that an approach based on expected val-
ues only has the advantage that the results, relative to a whole portfolio, 
are linear in respect of those relative to single cohorts. On the other 
hand, a stochastic approach to prudence may lead to a more compre-
hensive classification of the notion of safe-side requirements. 
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